Background -The proliferative response of type II cells is an important event following silica-induced lung injury. Alveolar macrophages, when activated by fibrogenic agents, secrete various biological mediators which affect cell growth. Methods -Human alveolar macrophages from normal volunteers were incubated in serum-free medium or in the presence of increasing concentrations of silica. Alveolar macrophage conditioned media were diluted and added to type II cell cultures for proliferation studies. Purified type II pneumocytes were isolated from fetal rat lungs for bioassays. Growth factor activities were partially characterised by size exclusion chromatography. Each fractionated mitogenic peak was preincubated with monoclonal antibody against platelet derived growth factor (PDGF) or antisera against insulin-like growth factor 1 (IGF-1) or fibroblast derived growth factor (FGF) in order to study the nature of each activity. Results -Conditioned media from alveolar macrophages exposed to silica induced an increase in type II cell DNA synthesis and cell number over that seen when type II cells were incubated with unstimulated alveolar macrophage supernatants. Size exclusion of alveolar macrophage supernatants exposed to silica showed four peaks of type II cell stimulating activity with apparent molecular weights of 38, 22, 16, and 8 kDa. Anti-PDGF antibody significantly reduced the activity of the first and second peaks, antiserum against IGF-1 partially reduced the activity of the first and fourth peaks, and antiserum against FGF reduced only the third peak of activity. Conclusions -Human alveolar macrophages exposed to silica in vitro release mitogens for type II pneumocytes including PDGF-like, IGF-1-like, and FGF-like molecules. These agents are likely to be involved in the epithelial repair and type II cell hyperplasia observed in silicosis.
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Proliferation of type II pneumocytes is an early event following silica-induced lung injury in animal models.' 2 Type II cell hyperplasia has been reported after exposure to high levels of silica in humans and type II cells have been found in the bronchoalveolar lavage (BAL) fluid of acutely exposed workers.3 It is established that alveolar macrophages are important cells in the pathogenesis of silicosis by releasing mediators and messengers for other cell types and for the extracellular matrix.6 Alveolar macrophages are the main cell found in BAL fluid from patients with subclinical or simple silicosis.i 7 We have studied the direct effect of low doses of silica on fetal rat type II cells in vitro, 8 and have identified growth factor activity in BAL fluid from normal human lung that stimulates fetal rat type II cell growth in vitro.9 This mitogenic activity was clearly enhanced in BAL fluid from patients with early stages of silicosis. In addition, similar results were documented with BAL fluid from our experimental model of sheep silicosis. We have also found that conditioned media from alveolar macrophages of control sheep induced type II cell growth."0 Supernatants from in vitro or in vivo sheep alveolar macrophages exposed to silica significantly increased type II pneumocyte growth compared with those from nonexposed sheep alveolar macrophages. Partial characterisation of these mitogenic activities have recently been performed."
It was hypothesised that human macrophages exposed in vitro to low doses of silica can be stimulated to release an increased mitogenic activity for type II cells. Factors involved in this macrophage-derived mitogenic activity are characterised in this study.
Methods

ALVEOLAR MACROPHAGE PREPARATIONS
Alveolar macrophages were obtained by bronchoalveolar lavage from 10 normal volunteers as described previously.7 The mean (SD) age of the subjects was 28 (3) years and all were non-smokers and had not been exposed to mineral dusts. The lavage fluid was filtered through surgical gauze and centrifuged at 400g for 10 minutes. The cell pellet was suspended in Eagle's minimal essential medium (MEM; Gibco, Grand Island, New York, USA) supplemented with 10% fetal bovine serum (FBS) and antibiotics at a concentration of 2 x 106 cells. After one hour of adherence the cells were washed to remove non-adherent cells such as lymphocytes. Adherent cells were cultured in 24-well tissue culture plates (Falcon Inc, Lincoln Park, New Jersey, USA) in serum-free medium supplemented with 2 mM glutamine, with or without mineral dusts (see below) and incubated for 24 hours at 37°C in 5% C02/air. At the end of the culture period supernatants were removed, centrifuged (500g for 10 minutes), filtered through a 0. 22 were rendered quiescent by a 48 hour incubation in "breaking medium" (MEM) containing 2% serum (heat inactivated FBS). Conditioned media from alveolar macrophages exposed or not exposed to mineral dusts were added to the pneumocyte cultures.'0 Given the log phase between DNA synthesis and cell division, cell growth was evaluated by the incorporation of tritiated thymidine at 24 hours and by counting the monolayers at 48 hours.89
PARTIAL CHARACTERISATION OF THE MACROPHAGE-DERIVED MITOGENIC ACTIVITIES
To produce sufficient amounts of growth promoting activity for partial purification, adherent cells from six normal individuals were incubated in serum-free medium supplemented with 50 jg/ml silica particles. This latter concentration induced the higher mitogenic activity on type II cells.
Gelfiltration
Pooled alveolar macrophage supernatants from six healthy volunteers were lyophilised, concentrated 50-fold, and reconstituted in 1 ml sterile phosphate buffered saline (PBS) as previously reported." Gel filtration was performed on a G-75 SF column (Pharmacia Inc, Baie d'urfe, Quebec, Canada) at a flow rate of 0.75 ml/min and 2.5 ml fractions were collected. The eluate was monitored by absorbance reading at 280 nm. Fifty four fractions were diluted 1:2 in MEM supplemented by 2% serum and tested in type II cell DNA synthesis assays.
Biophysical properties of macrophage-derived mitogenic peaks To study the properties of the alveolar macrophage derived growth activity, adjacent fractions with maximum activity for type II cells were pooled, lyophilised, and resuspended in medium as described above.
Acid treatment: Aliquots of mitogenic peak were dialysed against 1 M acetic acid (pH 2.5, three changes, 24 hours), followed by dialysis against MEM.
Heat treatment: Aliquots of mitogenic peak were incubated at 100°C or 560C for 30 minutes and then cooled at room temperature.
Role of reducing agent: Aliquots of mitogenic peak were incubated with 2 mM dithiothreitol for 30 minutes at 37°C and dialysed against 1000 volumes of MEM (three changes, 24 found when silica was incubated with alveolar macrophages for 24 hours (8 (2)% at 25 ,ug/ml, 14 (4)% at 50 pg/ml, 22 (5) % at 100 gg/ml).
EFFECT OF MACROPHAGE SUPERNATANTS ON TYPE II CELL GROWTH
The effects of macrophage conditioned media were tested for their ability to induce the growth of fetal rat type II cells in vitro. Condi- Conditioned media by dusts (pg/ml) IGF-1 and FGF were used to block the mitogenic activity of each peak fractionated from silica-exposed macrophage supernatants (table 2) . A significant part of the mitogenic activity of the first and second peaks was inhibited by anti-PDGF IgG (40% for the first peak and 27% for the second peak). Anti-IGF-1 antiserum substantially reduced the activity of the first (37%), second (26%), and fourth (35%) peaks of activity; anti-FGF antiserum affected the mitogenic activity of all peaks, but only that of the third peak (50%) to a significant extent. Several combinations of anti-PDGF IgG and antisera against IGF-1 or FGF were tested and a synergistic neutralising effect on the second peak (46%) was shown by the combination of anti-PDGF with anti-IGF-1. On the other hand, the addition of either anti-PDGF antibody or antisera against IGF-1 or FGF alone to unfractionated conditioned media had no effect on type II cell DNA synthesis (data not shown). 
Discussion
Many recent studies have focused on the ability of inorganic particles to induce secretion of fibroblast mitogenic activities by macrophages in vitro.'3 14 Macrophages isolated from patients exposed to silica dust released in vitro an alveolar macrophage-derived progression growth factor'5 which is involved in fibroblast regulation and has been shown to be an IGF-1 molecule with a molecular weight of 18-25 kDa.'6 Type II cell hyperplasia in animal models appears to be an early event following type I epithelial damage2 and this also appears to be a feature of human silicosis.3 In this study the nature of the mitogenic activities for type II cells released by human alveolar macrophages incubated in vitro with low doses of silica was investigated.
We have previously explained the choice of fetal rat type II cells for bioassays.8 Earlier studies have shown that fetal rat type II cells were differentiated at 19 days and expressed different markers of alveolar epithelial cells. 7 Most importantly, fetal type II cells are able to divide in cultures and the cell numbers are strictly correlated with DNA synthesis in our model. Of the well known mitogenic factors, PDGF, FGF, and IGF-1 stimulate fetal type II cell growth in vitro,9 " and these are released spontaneously by activated alveolar macrophages. " Our results indicate that supernatants from human alveolar macrophages exposed to silica in vitro induced a significantly greater increase in fetal type II cell growth than that seen with supernatants from unstimulated adherent macrophages. This effect is specific for silica particles and was not observed with inert dust/ titanium dioxide or modified dust/aluminumtreated silica. Importantly, low doses of silica induced the highest growth factor activity. This observation confirms the results previously reported with sheep alveolar macrophages exposed in vitro or in vivo to silica." Activation of macrophages by silica could stimulate their production of macrophage derived growth factor for type II cells. The percentage of macrophages in the BAL fluid that contained particles of silica dust was 52% in the subjects exposed to silica and only 6% in control subjects.'9 A non-cytotoxic concentration of 50 ,ug/ml of silica was used for partial characterisation in our experiments. At this concentration, only 14% of the cells contained cytoplasmic mineral particles.
Pneumoconioses are characterised by an alveolitis rich in alveolar macrophages.3 6 Partial characterisation of these mitogenic activities for type II cells was performed and size exclusion chromatography showed four distinct peaks of growth promoting activity in alveolar macrophage supernatants exposed to silica. Most of the four distinct peaks of activity were lost with trypsin treatment, suggesting a proteinic nature. The first and second peaks of apparent molecular weights of 38 kDa and 22 kDa, respectively, were resistant to acid and heat and were also partially inhibited by the anti-PDGF IgG. These results suggest that these factors could be PDGF-like molecules or that they are closely related to IGF-1 molecules. IGF-1 is an 18 kDa mediator implicated in mineral dust diseases and shares similarities with PDGF or IGF-I molecules.6 1518 Antiserum against IGF-1 partially inhibited the activity of the first and second peaks, and the combination of anti-PDGF with anti-IGF-1 was synergistic in blocking the activity of the second peak. The third peak of type II cell mitogenic activity has an apparent molecular weight of 16 kDa and was sensitive to acid and heat and was considerably reduced by preincubation with antiserum against FGF. This activity could be an FGF-like molecule or a cleavage product of another peptide. The fourth activity peak has a small molecular weight of 8 kDa which was also acid-sensitive and partially reduced by preincubation with antiserum against IGF-1. In this area the 7 kDa bloodstream form of IGF-1 could be implicated,'8-23 or other peptides which are known to induce fetal type II cell growth could be suspected such as EGF and TGF-x.9 24 The nature of the mitogenic activities for epithelial cells is not completely characterised by these conventional methods because of difficulties with the induction of secretion of growth factors by alveolar macrophages in the artificial environment of cell culture and the differences between species. Furthermore, the 
